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^12 <8^°1 *U ^1 aflo]^ ay^^o] #7] 

^SL^B] #7] ±7} ^^2) <##V\z\ <£^°1 9X^T. A o V 7l afll 

^-71 ^11 Bflol^ ul^^o] oflulE-l <^ g <HHEi *H 
3E. 11 
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«>°11-^ h^^^e] ^ zl ^}3i {Bipolar transistor and method of 
manufacturing the same} 

5L 1 ^} 5. ll^r t^^l <U ^*HH w]-o]^5.} E^liE^ *fl2 y o V ^ 

10: 7l#, 12: jl^JE , 16: #^&| 18: #^&| ^9] , 

20: di*} <8^, 32: *fll sflfi, 34: sfl^l, 40: *fll *1H^ «>:£*ll 

42a: ^H^i , 44a: ofi^Bi <^^, 52: , 60: ^2 «lHi yV£*H#, 70: 

Hflol^i 80: ^4 zfl^, 82: tiflo]^ t 84: o)HEi 86: 

92: *fll SIC 94: ;*fl2 SIC ^ . 
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EflS w>ol#e(- S^liB] (heterojunction bipolar transistor: HBT) ^ zz. *fl2: 

efl^^l 4l* r 7> ^--§-21-3 ^JL^T tfltb A>2)^ ^7>f-ofl 

uj-e}- 3 °- 7fl^s-H, SiGe-fr ^^*cM^ ^*Rr ^ «Ht 

°fl D l 3 ^1^5. #^-7} ZL# nfl T^Kg; #o] 71" ^H, ^ ^ -SOjg. o] s^^i, ^oj^ 
# $)o\) ^ ^A\o}^3). ^-o. tg^c^t}. ZLEiM-, o]^ ^-a- 7-2i 

°1H tt , ^"71 uflol^o] Ge# 3E^Hr 1000 A °)-5}$] ^^SLS. °)^o]z\ % 

-T-°ll, 3^ ^ n^l-I- 7H^ #4* -^Sl^>°l=^l- *g ^ ^fl-^ ^^Hf. M. 

*l, ^"7) $4? ^e^H^o] -§-^(agglomeration)°l ^« ^e)A>ol 
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(schottky) %^o] 0)^.0]^ ^ ^£71- *]i5}S\51 Hl^^o] o.^ + 01^ 

°1* H oM *>7l ^£}ocj^ ^ ^^A>olJ=^^ #3)E| ^ t£ eg 

£&*V 3711- ^(scale-down) a] 7}^ HI t!:*fl7> 

#7l^ QSr &*fl3* ^M*>7l ifl*H„ ^Efl 71 #^ ^Hl WH#H1- S 

^1°]^ ^^^4. nel4, °1^ 2£ ^£<>IH^ #a)Ei <gc*j 

a-<y c$o3o] ^Aj^ofl ^ ^ Tl^Al^^V ^r7\*Vt±. u^EM, aflol^ AS^-Ei 
^■^•^ JL^S\- Ajjr ^-ff-7} oflplE-1 ^^IS ^ofl ^-BjjE^ ^S>^ 

^h^, Gei- s^v^ -a-71 hiioi^^. °i 

^ ^Al^o> ol nfl ^^-ol ^5)^7, ZL ^ ^ - 

^ ^ff- ^^Cl-. ^1^1- ^ ol-o^ <?]*H, Bflol^ ^4 oflnlE^ ^ A>o]^ 

^ #^i -7i ?] jl^s-^ 1-^*1- ^ <^1S. 

^ ^4 ^1^1 Ei ^ Afol ol *}Jff- 7-1^ ^Al^l^ Cflcflfe. ^-^71- ^Cf. ^ , *1H 
^ SL^ #^.5.^ ^ Uflo]^ ^ofl £^*]-7l77}^^ aflo]^ cgedo} ^o]^ 

M 7lAlj 7-l^oj #0^0] Hflol^ ^^.4 oflDlE^ ^1^- Al-ol^l ^ 7^ 

E ^flxl^Ei^A-1^ til^l^ aflol^ cg^o^ 7 jol^. ^-7)1 ^ #a]Ei oflPlE^) <^ 
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0*3it°) ^ ^ = 7 |. #4J*J.JELS, tij^l^ Hflol^ c^^^ ^o]S- -7) 

Cfl ofl^ *V^7> 4^ ^7>o] ^711- ^Al7]^ C-fl ^1 7> ^rf. 

^ -^^r ^-71*1 5^ ^efl 7]#o 1 l £-7^-g; iM^t.} <5^ 

#^E-1-Hflol^ A>ol^ ^ ^ all 7]^j *i ^J^T^ tifl 

^ ^ 5^U, T^^, ^ ^ ^ ^el7> 7>^*V y>ol^Hl- E^fl 

^ Hflol^ #^3}. 6\)V]B] A}o]o) ^s. #^1^.0^*1 ^IJl. 

#71 ^^>7l , ^- ^o\) ^ ti>ol§sl- E^^l^E^ 

^1 7l^ c Hl -^-71 aV^xll 71^:^ ^E) <$°lo)) tb^^l^ *fl2 

cg^Sl ^O.S.^-E-1 ^-71 ^-£1 #^*>*1 cg^-Sl ol oiq-. A o > 7 ) ^ ^ol^ 

til^lf^ SiGe^S. ol =lo^^1c1-. ^-71 *fll «V£^ ^<a^Ml 

°1*H ^51^ ^-71 afll aflol^ av^^^jq. ^e>£^- ^2 

9] d]}u}&\ <$<Xo) oicf. 2 c^|- > £^^o] ^ 2 b\)o]+ alS^l^ol ^1-71 ^111 aflol^ uv 

27-7 



1020020057461 «^ 2002/12/20 

SXl^ A o VT S^ -*7l oflPlE^ <3<3 ^ &<&^°] <3^-8r Xl^ -^-^l ^ 

9X^. -*7l XI 2 BIH^ «hEXl^ «1H^ *8^^M 5^. 

oIlulE^ <3<* ^Xl^ ^q-o] ^S]<X o^cf. 7^£- ^7} XH^ 

«txh -*7i xi2 xh^ skslxi* $h t§^sj<x sa^. 

<12> w>^-^^>7fl^, #7] X|2 ttfloli tiV5L^l#-& oil it ol^o^^lcf . S*V 

u>^-3l§>7flfe, #7l XI 1 £*l^£r p^°l^l, ^"71 XI 2 S^^r n^^rf. 
<13> ^ ^cfl ^ WV°l#Sl- S^^l^B^ #^]Ei eHMH ^7l £l 

^3 <g^Xl ^^Xl 412 S^^^] X)l SIC (selectively ion implanted 

collector) aW 5M. 

<i4> cc^V tq-E a>o]^-e}- M^^l^iE-j^- #7l #7l XHb-1 <*j<* 

o) o>5flofl 3*13^ ^g-ofl XI 2 51*1^ £| XI 2 SIC <3<3* 3 aW <r &i=h 

<15> ^-71 XI ^ ^s]A>o|c.^ o] s.<X^l^ 5Jo] wy^^cf. <^]# s.^, 

<is> M. ^t^ofl nj-s. tij-ol^e}- e^ui^fe- #7l XH^ <X-zflXH #7] iX £ 

e| <3<*-X ^7l XI 1 XH^ ^aXl# ^r 0 H ^£ ^<3^* 3 #7l 

<17> SEth £ 1^X1 X-°l€&r e ^j^i^Ei^ #7) ^7} XI 1 XI 

<is> ^v 7 ] cj-^- -=-3^g- ^*>7l ^*><X, -g- 1>^X1 wj-on-e^- e^^^e^ 
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# efl E i cg^* A o v 7l ^> £e] ^ «^B] *fll 

ofln]Ei ^ ^ ^1 *1 1\ ^e)-^J15. ol-^-cH^l 

<19> ^ ^-^ofl 4=. y>ols.e|- E^liEi5| *fl S wj-^oijA^ ^-71 *fll nfloli «V£*fl^ 

£#*Hr SiGe## 

<20> ^M^aMlfe, ^"71 ^12 afloji 500 ~ 900°C^ ^S. *MM ^ 

<22> S*l, ^- ^ofl Uj-Ol^e} E^fl^^E^ ^2- a^ofl^ A o V 7 ] ^HflEi <3 

e«oHl^ #7l -§-e] <3<*H1 <y^tb -^-^-^l ^12 ^11 SIC ^ 
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wj-^oflA^ #7} <#7] <*\}v]K] d >2fl°fl ^l 5 !^ ^12 

Si ^12 SIC <^-§- ^*Kr #31* 3 =r 9X^r. 

<23> ^^gofl rcj-^- tf}ol^.£)- Eig^iE^ >fls ^^H^ *(| 1 «1H^ ^5.^1 

# %^*}7] 3H1,. ^"71 4iX> ^-Sl ^"71 ^#^171^ *A°m 5fl 

Hd-i- ^*Kr &7\m Ci *T °1 *fl, ^"71 Sfl^ ^ofl Aj- 7 j ^Ei 

<24> ^ W>ol$Hl- E^^^ollA^ 7}^ ^ ^ ^SflAlEiil- ^ ^ 

^}#*\ »\]°}^ °fl °1 3 ^ ^}°lsi #4 7-1 %V^- ^Al^o.S.^1, ^ 

^>S1 Jl^S)- ^ 7^^-5}-l- OH- ^ olcf. 

^7} tq-^-ofl ##*Kr ^ahhi t^sqfe °W4. €^-Hm # <33H 

*1 ^3°J 7}^J xHlTfl iL4 ^1-711 ^^^71 3<5H ^£H*1 

Ol ^l-^-SH^l Tjolcj-. t£*V, Ol^ nVol ^ 7l^r^ »^"ofl ^CfEl-Jl 7)7${Q 

^, ^"71 o^Tg ^-o] aj-71 rf^- ^ o^] 33 ^5L a>oH1 ^33} t\ 
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<27> £ £ 11^ ^ <5j ^AHH 4S H}olf5} E^l^E^ ^2: 

<28> £ i-g- ^0>}t£, p^s) «V£*11 71^(10)^1 ^](P)4 7 ^ #^!t* ^<^H 

n + ^^ Jl^S. <3<3(12) ^ iT<8^ <g^(14)* ^tr*}. zl ^, 

&7}^SLS. ?l7l ^11- 1-^ STI (shallow trench 

isolation) U-fH ^l^H ^ ^(20)* ^tr4. #7l ^7} £-2] <^(20)£r 

STI #^ LOCOS (local oxidation of silicon), PSL (polysilicon spacer LOCOS), 

PBL (polysilicon buffered LOCOS) y o Vl ?Hl £l*H ^^Kr 7 AS. 7p5^}tf. 

=L , iSefl^^M^H^^l *3 v}^3.3. #7l 71^(10)^1 <il 

^fofl n^ n + ^ #a)B] ^7l(sinker)(18)l- ^^tr4. *}7H, 

#7l -g-E] ^(20)^ #7l x^SL ^<*(14)^H ^^Bi7V ^€ i4 

%^ ^^(16)^ #7l ^-^E^ ^7l(18)7> ^^^^ 

3^3^, ^71 #^]Ei °§^(16)£: #71 ±A ^Sl <g^(2(M ^^4. 

<29> £ 21- #2:*r^, ^"71 #^E^| ^^(16) ^ #a]Ei ^(18)^ #^<>1 ^ ^#3 

<H #71 ti_V£^l 7l^;(10)#o11 #71 ^El ^«(16)^r ic#Al7l£^- ^jsL 

%<&^ sfl^(32) ^ ^El-s^l- 3fl^(34)^r ^^tbcf. ojs. ^s><^ , ^ #7l «];.£ 
*fl 7l#(10)#£] ^l^l ^l* #sl^ HL^ ^sl-Bl-4 afll ^#*>J1, 

zl -Mel^^r* ^^tbcf. #71 ^e]^^ SiGe^JL ^€ 91^. =l ^, S. 

SEl^ZLSflJXl ^ofl #71 ^El^-'al* #71 ^E]^^ 3^(34)^- 

o]o]x) #71 ^e)e^ ^(34)* ^ #71 *)U ^ 
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q ^z^rH #7) XU 2fl€(32)# <#7] XU sfl^(32)* 

71 fl^b ^ ^-^^.^i ^ «o v ^ ^^1 £^ ^ H o V ^-8: °l-§-^ ^5- SI^-. 

<so> £ 3^ A oM ^s)^ 3fl^(34)ofl <#7] #^Ei <gq(16)°l 

£)<H ^4* SiGe^JLS. o^o^fe X|l «lHi ti Jr£^l^(40)* ^ 

«fl ~ 2000A^ ^3. ^tt4. -*7l XU aflol^i tiKE^(40)-8: ^SRr 31 5>1<H*I, 
^71 XU wflol^ ti>£^^(40)^ ^"71 #siEi cg^(i6)4 3#3^r ^3 

3 ^£ g 7l^7lS SiGef^S o-)^^ E s. ^>7l $1*H 500 ~ 900 

A. 

<3i> £ 41- #3^^, ^Mr ^^HH <*IM3 ^7l^o.S £-5^71 tHl 

^J9.tt XI 2 ^^-i- ^"71 XU ^:£Xl^(40) $H ^M". ^"71 X|2 

-g-^H ^"71 XI 2 ^<3*b8r #3)1=1 ^^(16)^ ^nlEi ^ n>^; 

<32> £ 5» ^S}^, ^-71 XI 2 ^<£^" sfl^(42)ol t§^£ ^41- ^B}€- 

^(44)* $^4. #71 ^51^(44)^: «fln]Bl -^-g- ^^^>7l 3°14. #7l n+ 

*8 ^^^^(44)* <g^*H=- tfl 5A°H. ^71 ^^3.^(44)^ ^^*>7l ^tb ^ v ^ 
^ofl 37>*Hr ^.g- ol-g-^ ^51 7>^ul f ^ «U=L ^ 

ol^ ^ O.S n ^ ^ 7}£}^r 5J£ 7>^*>4. ^-71 ^^^^-(44) 
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o) #«-ofl^ ^3 M-S-$r ^^^^ Vo l ^ ^1 *>7l 

-*7l ^3^(44) $H *H3 ^^^-(46)* ^tr^K #7] 43 ^^^"(46)^ 

<33> £ 6# ^2:^, ^H&l ^ *8^-§: -SM ^41-* 1*13(50)*!:*}. ^71 

1*1 Bl (50)^ <^1# 1:^ 800 ~ 1000 £:£<*IH °1 *| RTA (rapid thermal 

anneal) ^ *r #7} 1*1 3 (50) #7} rifMi 

al£^l#(40)^ #71 ^B]S-^(44)^1 ^#5]^ -f-^lir n+^ 4| *1 3 (52)7} 

^o v 7l 1*151(50) ^r^l^ ^-fofl h}-5t ^ 7>^-s>cf. 
<34> £ 7^- ^3i^, i£S^4iZ15fl3] ^ofl o)^V°i ^"71 *fl3 ^§ <S ^ ( 46 ) , ^sl^ 

(44) ^ *fl2 ^^(42)^: ^l^r 0 !, n +^^ c]]xi)}a\ <^^(44a)4 ( #7} <*}v]&\ 

c g^(44a)# *r^Kr €^^"(423)* ^tr 1 }. 

<35> s. 8# ^S^, 500 ~ 900°C^ ^eh^ alJSiaJ °l^f-<>|*l 

^ o\}sx\^^_ ^ wj-^ofl <q*() ^Vyl afll afloli «V;E*ll# (40)^1 

^^-a]^ <^ 1000A 7>^1^ *112 aflol^ «V£*ll^(60)^: #7] 

^112 «flol^ ^£^1#(60)^ p^^l 1-^1-* ^-H-*>£^- ^^^Cr. °1 ^fl, ^"71 o\)n]B\ 

^^(44a)^l ^#^1 S^lS ^el€-°l °H^it ^^-€^f. 

<36> £ 9# ^-2*>^, SS.2liZLHfl3l ^ofl Sl^H ^"71 ^1 ^(32), ^3 

^ 2fl€(34), *fll «1H^ *V£*U^(40), *ll3 ^^^"(46) ^ *)12 alMi aK£*H^(60) 
o) -g-3gj£L*V ^Tl^l-Jl, ^>7l 2112 »1H^ ti]r£^l^(60) $H ^ ^5lA>o]c5. 

^l^^m «H°1^ -2-^#(70)* °1* ^71 ^112 «1H^ tiKE*)l^(60) 
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°1 A, #7l 7m(10)^ jfjg. f s ^-71 oflnl&l <3<*(44a)£] ^ 

# ^ #7l #^ ^1^(18)^ ^oflE. =4* ^^A>ol = ^ol «§#^l}. 

< 37 > £ 10^: ^-S^, #7} Hflol^ ^#(70)ol ^€ ^3H-#°fl ^SHS ^14 ^ 

tg^S}^, ojl- sflEi^H «IMi <8^(72), o\]v]t\ ^# 

(74) ^ #=3)B1 cg^(76)o] Z}-Z}- XJ4 ^o^n| 2fl^(80)* ^^W. 

< 38 > £ n^- ^-3L*>^, #71 *f|4 3fl^(80)ol *|#fl ^##6|| Bfl^d 

, ^ Hi^r o. ^^} 3L> o}l- ofl^wfl^ aflol^ ^(82), oflnlEi 

^(84) ^ ^(86)* AA #7l aflol^ *1^(82)£ #71 oflnlEi # 

#(84)3 <# ^Hl ^#€4. 
<39> #71^ ^ofl 4€- M^I^e^ #7] #a]Ei (16)51 

^'fio.^Ei #71 ^-sl ^^(20)^1 #^?M <a#3ol $X1= SiGef^S ol^-oi^i 

^ #71 riflo^ ^-£.^1^(40) $H #7l ^1 Bfloli y> £ ^A(4 0 )j2l- ^o]^ MS 
^l^-^^l^ #71 *fl2 «flol^ tiK£*flfK60H ^#i)ul, #7l ^12 wfM^ *V£^(60) 
$Htt #71 aflol^ ^^(70)ol ^#^tf. #71 A}2 «lJE^l^(60)^r #7l nfl ©1 

i .2.^(70)* ^#*Kr ^ElA>ol^cf 7-17-l^o.S. ol^-ol^l^ ^o.S, #7l 

*Hl Bfloi^ #£^(40)4 -^^v H^-fr 7H^- ^7 r ^ *r 5fl*=k 4^1, 

7l#o 1 lAi<2}- ^o] ^aiEi <g^5l e«oHl aflol^-4 5L*m°] #^#^r 

ol^ ^«a*H Bfl°l^ ^ ^* *8#*>*1 SfrulSE, #71 ^12 «flol^ ti>£^l^(60)<Hl 
JL^S-S. ^7>^-o.S.M) #7l Bflol^ #^-(82)21- <$*]tf ##(84) 3}- 3} 

*i** ^ sum. ^°*hi 4^ ^i^i ^<§€ ^^7> 5^, 
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<3<3(16H] -8-71 tifloj^ ^^.7> S^£l, ^"71 #^E^ 

<3^(16)<*IH #4 514^ ti J-£*ll <3^4^ ^ $g ^ 0J4. 

< 40 > SE^r, ^7l <*M3 ^<34(42a)4 #ol^ 7>^*H ^7] Hflo]^ 

#^-(82)4 cHipjE-l 4^(84)44 444 ^ 7J-^a] til 5U°H 3* 

4. 

<4i> =LV)JL, ^-71 afll Hflol^ o>£^l#(40) 4°fl #7l *fl2 4°1^ *K£4#(60)^ ^4 

13. 4°ll ^ ^£]Afol t=^ O] s.o]^l^ B\]o)^ ^.^#(70)^ iL4 o>^^ 

AS ^4^" $1^, 444 4°1^ 4^(82)4 <*fl44 44(84) A>ol^ 
S4^Ai 44:4^ *r 4i44 Jl^Sj- * ^-g-sj-s- oji- ^ 014. 

<42> £ 12^r t^^l 4€- -M^HHl 4€- 4°1#4 Hi&4^44 42: 4^* ^4 

71 44 443£°14. £ 12*114, £ 1 ifl^l £ 11^144 cfl-g-Sl^ 44 ^4 

<43> £ 12011 £Ai*v 44 ^-oi, -g. ^ofl 4€- 4°l J i4 s^4^^l^l 4 s 41H4 

Tr #7l #^El (16)21 5^ e«oH14 ^"71 ih7> ^-Sl ^^(20)<^1 4^4 ^"g-oll n 

34 4£r ^r°J44 n^4 4l SIC (selectively ion implanted collector) °$ 

^(92)# ^ &4. ^71 ^^(16)^ 4?1 °H44 <8^(44a)4 o>sflofl <fl 

*14^r ^4 n^^l ^40} ^ 2 SIC o^ (94) -§. $^3- ^ 

5U4. 

<44> a o v 7 i ^11 SIC oj^ (92 )^- ^-71 ^4 ^ ^ <^ (20)21 oil 4 ^ 4444 4^ 
S421 ^i^ofl^^ -4i ^ o. ^1471 3144 *§44tt %°-£-, 4# 1-^ 44 
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^12 tiflol^ «}5L^^ (60)^1 ^ *H -^ofl n^^l °l£r ^^Bfr 

^€ *r *fll SIC ^^(92)^- 1 >40 n - 1 >10 13 cm" 2 ^2.^ # 

<45> ^2 SIC ^(94)^ 4°lt2} -H^f JEM °&^*\ 3.2.5. 

^sj-^(f T )l- ^^a]71^ 71 £L JL^ (Kirk effect)* ^Xl^l 5]*}°) %°-S. 
, 5L 4°lH £o] *\}2 ^<^nv sfl^(42)o] ^€ ^, BEfe afll afloji 

Xl#(40)* ^^*>7l *H1 ^°fl n«gsl l;^^-g; o]^- ^*Kr ^ o.S ^ 

€ SU^K X| 2 SIC <3^(94)°1 3! *13M ZL , 

<46> a. ^ofl af^ w>o]^-e|- e^^i^e^ SiGe^AS. ol^-^^l^ XU «1Mi ^S-Xl 

*fl2 *1H^ *K£X1^°1 ^^£)c^ oicf. ^-71 ^12 tilMi *K£*ll^ ^Itt -2.^! 
^o] #71 *fl2 »\]°}^ *L£*Hf^ tiflo]^ t^cf 7l 7-} % V ^ V 

^H^l AVo]^ ^s. ^.g. 7^X\^ ^ o^cf. 5E*h <3<^H #7] Hflo] 

^ ^T°J ^-2-7} &°-JELS, <8*H*1 ^ ^^^1 

< 47 > SEtV, Aj-71 v\]o) + tiV £ ^^^ Xl2 aflol^ Hj-£^l^ofl^ z}-^ ^<sj*!: 

^7>^- ^ Sl-^^., ol^- ^og^ ^ igA$Q <*e\7} &cf. Z151ZL, 

oflDlB] ^<^^Sl ^ 71 ell- #ol^ 5J0I 7>^^ Hflol^ ^^-Uf ^1 v) El #^-451 ^> 
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°13 ^ ^A]7l^ £ ^ # 3. 7l# ^^Hfe C-fl olO^A-l * 

5^}£f. ZL^Jl, #71 *fll tiflo]^ 0>£^1^ $H #71 ^12 Bflol^: #£.*I|M: *§##0. 
ZL $H ^#£)tt tiflol^ o_^l^ol 6>^^ O.S *§#€ <r ^1 <4^ Hfl 

<48> #71^1- ^o], ttj-s. «].ol^B}. M^liEW^lfe 7^3 ^ ?i 3*l| 

^SH*}^ «1H^ ^4 oflplEi XHo} ^s. ^-dLAl^J 

JL-ir-i- ?7M^ ^ £r5L°fl 3# #2. Sfl^£- #«i ^ 5^, ^#S, *13 

§W o^o} £ 7-1^^-1- OH- ^ olcf. 

<49> ol^V, M. i£t$£. y>eJ-3]*V AjAHH. s-ol #>*fl§>7fl ^^«V5a^, €■ #7l 

#33*1 ^3 7^ A}#3 ^ ig- ^0>cflAi ^-#<3] ^1 

q± 7 >^1 7H <^7>*1 ^^Ol 7>^}^. 
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1] 

X|l £.*i^£] *V£X] 71^4, 

#7} «K£X] 71 4i7> <g^ofl tH^^ X|2 £3l«g^ <3 

^•71 #§jiEi <g<*<^ ^i-^o^eI #7} ^7} ^e] ^^5] #^*>*1 <3^sH 
SiGe^JLS. °1^M*1tt X|l je*}^ XU yfloji a].^^, 

•^-71 XU Bfloli HV£*fl^ oflnlE^ ^<g*Hl ^}<^ ^3tt ifl 

°1H A o v 7] X| 1 fllM^: ti>£^1^4 ^ <5]-£^ #7] XI 1 aflol^ «K£Xl# $H XI 2 

#7l XI 1 «1Mi #3E.Xl#£] A o Vl 3^ #71 oflnlE-1 ui oflo]E^ ^<3^H 

^^-i: Xl^tb ^f-g-^ ^sq<X ol^-<X^l^ XI 1 XI 2 all 

#7l XI 2 «lHi «h£X]^ $H 5Utt -2.^4, 

A oM olHEi <3<3 $H ^£ oflulE] ^-Bj-, 

oIlDlE^ °J= ^<HH -y-71 XI 2 Hflo]^ WV£X1^ $H I^^M Bfl°l 

2] 
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3] 

4] 

Al-7] #a]E^ egS^ ^«cHH AV7] iX} #-SJ <3*H <?J^}7fl £ 

*fll SIC (selectively ion implanted collector) S.^}^ ^ 

[^t 2 -* 5] 

*fll^l 5£°H, 

^12 SIC ^-t- 3 i^r^r 3* ^^SLsL *}±r t>H«Sr 1=^*1^. 
6] 
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7] 

[3^* 8] 

#7l sflol^ c}^6\]X] a o v 71 cg^^ ^7] ^11 aflol^ *h£*ll# a> 

°H 3#€ ^^^ v * 3 X^Hr 53-ir -^-25. *}^r 4°lt4 S^^liEi. 
9] 

*)18*<H1 5&°H, 
[^^8- io] 

11] 

*fll S^i^sl tiKE^l 7l^r#cHl ^7]- <^<*Hl o^csj ^ 2 £^^^1 
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#71 i*} -g-5-] ^ #^]Ei *W *fll SL**^ *fll «l£^l#* 

71 *fll Hfloli tiVi^l^^ tM^^r ^12 £^^^1 4Me1 ^^-i: 

#71 aflol^ ti> £ ^^o^ Aj-Tg- ^-71 0)1^1 b) <£<*| ^ oflulEi ^<£^ol 

^1^1*1 ^g-<Hl ^el^^ilS ol-f-c^xl^ ^1 JE*1^ a)] 2 «lHi a}£^l#-g- 
^#*Rr ^Sf, 

#7l ^12 tifloli til£^l# aflol^ ^*Kr #31 4, 

12] 

>)lll*cHl 5^^, 

#7] *fll tiflo^ lV£^f|; ^^Kr #7)1^ 

^1^1^^ «o V ^°ll ^*}<*l #7l #?flEi ^<*ofl ^E]^-# 

#71 #^ ^Sl^^ $H *fll £^i^2l 5E^Rr SiGe^-§- ^ # 

13] 

*1111%H1 9X°]*\, 
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I^t 1 * 14] 

^1113%H1 sa*H-H , 

^-71 afl2 Hflol^ aV£*)l#£: 500 ~ 900 M ^£ 2# *HM ^^tt ^ 
15] 

^llll^H] sa<H>H , 

^ulE^ ^^o] I^SH ^-71 afll aflo]^ aV^^*^ 

oflDlEl cg^Jif ^#5^ ^112 51*1^ °fl*lEl» *g^Rr ^1» 3Lf-*Kr ^ 

16] 

21111^1 &oH, 

#7] #^B| ^^^1 e«<HH ^"71 iX} ^-Hl <^^o)l ^ofl 2112 

^ 2111 sic <3^* #311- 3 itfSfe ^-g- ^'os ^ «W#2J- ^*1 

^Sl ^2: « 0 >^. 
[^T 1 * 17] 

2llii%Hi sa<H>H, 
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18] 

^7) ^11 aflo]^ a> £ ^*^- ^^§]. 7 l ^-7] ^> <3<*| ^-7] #^1 

B\ ^#A]7l^ *i<3^ 3flB}.g- ^Tfll- C| i^Kr 3* m^-S- *>fe 

19] 

^-71 Sfl^ ^"71 ^#^7l^r 3fl^i# *§^*Hr 

[3^*8" 20] 

^lll^l ^^l, 
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